Objective: To assess the association between diabetes family history and infant feeding patterns.
Breast-feeding provides numerous immunological, psychological, social, economic and environmental benefits, is a natural first food and an ideal nutrition for the infant (1) . Therefore the WHO expert consultation recommends full breast-feeding for 6 months, with introduction of complementary foods and continued breast-feeding thereafter (2) . Nevertheless, the prevalence of exclusive breast-feeding for 6 months is low in most countries (3) and various studies worldwide are aiming to identify predictors of short exclusive breast-feeding duration (4) .
Both maternal type 1 diabetes (T1D) and gestational diabetes mellitus (GDM) have been associated with shorter breast-feeding duration (5) (6) (7) . This may be explained by factors that are associated with maternal diabetes, such as the increased frequency of caesarean sections and preterm delivery (8) . However, there have also been studies that did not find an association between maternal diabetes and breast-feeding duration (9, 10) . Little is known on the effect of maternal diabetes and a T1D family history on the timing of introduction of complementary food. Findings from the German BABYDIET study indicated that offspring of mothers with T1D are introduced to complementary foods earlier than offspring of fathers and/or siblings with T1D (11) . In addition to the beneficial effects of exclusive breastfeeding on maternal and offspring health mentioned above, prospective studies in children at increased risk for T1D have suggested that the timing of initial exposure to complementary foods may influence the risk of islet autoimmunity and T1D. Among candidate risk factors for islet autoimmunity are early introduction to cow's milk and to solid foods such as gluten-containing cereals, fruits/berries and roots (12) (13) (14) (15) . Based on these findings it is important to identify determinants of infant feeding patterns in children at increased risk for T1D.
Therefore the aim of the current analysis was to assess the association of maternal T1D or GDM and nonmaternal T1D in the family with infant feeding patterns. The patterns of interest in the present study were duration of exclusive and any breast-feeding and introduction ages of cow's milk and gluten-containing cereals (wheat, rye or barley). Breast-feeding duration and timing of introduction of complementary foods are strongly affected by countryspecific socio-cultural factors and dietary guidelines. The TEDDY (The Environmental Determinants of Diabetes in the Young) study, which is an international, multicentre birth cohort study with standardized recruitment, dietary collection methodologies and analytical approaches, offers the opportunity to stratify for country (16) .
Patients and methods
Information on early infant feeding practices was obtained for 7026 children participating in the prospective TEDDY birth cohort study, a multicentre study comprising six clinical centres located in the USA and Sweden, Finland and Germany with the aim of identifying environmental factors that may trigger islet autoimmunity and T1D in children at increased genetic risk for T1D (16) . All of the children in TEDDY who were born between 2004 and 2010 and were followed for at least 1 year from 3 months of age (n 7540) were included. Of the children, 514 were excluded from the analysis because of missing data on diabetes status of the mother (n 257), multiple births (n 252) and pre-existing type 2 diabetes in the mother (n 5), resulting in a total of 7026 children in the analysis. Of the 7026 children, 292 (4?2 %) had a mother with T1D, 404 (5?8 %) had a mother with GDM, 464 (6?6 %) had a mother without T1D but a father and/or sibling with T1D and 5866 (83?4 %) had no diabetes family history. Due to the small numbers, offspring with first-degree relatives with type 2 diabetes were not included in the analysis.
To assess the duration of breast-feeding and the age at introduction of new foods, families were asked to record the age at introduction of all new foods in a specific booklet that was given to the parents at study entry (TEDDY book). The TEDDY book also included information on the use of infant formulas. These records were reviewed at all clinical visits (at 3, 6, 9, 12, 18 and 24 months of age). The definition of exclusive breastfeeding included small amounts of non-nutritious drinks such as tea, water and water-based drinks, and nutritional supplements. To assess age at introduction of cow's milk, cow's milk-based infant formulas as well as partially hydrolysed infant formulas were included but extensively hydrolysed infant formulas were excluded. This definition was based on the hypothesis that cow's milk proteins may trigger islet autoimmunity (17) . The TEDDY study did not provide any recommendations or advice on infant feeding to the families.
Data on Apgar score at 5 min (categorized as $9 or ,9), mode of delivery (categorized as normal vaginal, caesarean section, vaginal including instruments), gestational age, birth weight, birth order (categorized as first child yes or no), maternal BMI before pregnancy (reported by the mothers), maternal age at delivery, maternal education (categorized as high school or less or more than high school) and maternal smoking during pregnancy (categorized as smoking or non-smoking) were obtained by either questionnaires or structured interviews during one of the follow-up visits in the first year of the study.
Written informed consent was obtained from the parents. The TEDDY study was approved by the ethical review board of each site.
Data analysis
Data were analysed using the statistical software package SAS version 9?2. Categorical variables were analysed using Pearson's x 2 test or Fisher's exact test. Continuous variables were tested using the t test for differences in means or the Wilcoxon rank-sum test for differences in medians. Mean differences were tested using ANOVA. Data were summarized using mean and standard deviation or median and interquartile range (IQR). All tests for significance were two-tailed. Kaplan-Meier life tables were used to describe age at end of breast-feeding and age at introduction of cow's milk products and glutencontaining foods; and groups were compared using the log-rank x 2 statistic. Cox proportional hazard regression analysis was used to assess whether specific types of diabetes in the family were associated with infant feeding behaviours. The age of the child at the time when exclusive or any breast-feeding was ended or when cow's milk/gluten-containing foods were introduced was used as the time to event. We examined models with and without clinical factors (i.e. delivery mode, gestational age, Apgar score and birth weight) to determine whether they explained these associations.
Results

Characteristics of the study cohort
The proportion of infants with a 5 min APGAR score $9, with normal vaginal delivery and who were first-born children differed by the presence of diabetes in the family member (Table 1) . Also, there were differences in gestational age, birth weight, maternal BMI before pregnancy, maternal weight gain during pregnancy, maternal age at delivery and maternal education by the presence of diabetes in a family member ( Table 1) .
Association of diabetes in a family member with breast-feeding behaviour The initiation of breast-feeding was comparable between groups: 96 % of infants with T1D mothers, 98 % of infants with a father or sibling with T1D, 97 % of infants with GDM mothers and 98 % of infants without diabetes in the family were breast-fed during the first days of life. Univariately, exclusive breast-feeding duration was significantly shorter in offspring of mothers with T1D and GDM compared with children without diabetes in the family (P , 0?003, Fig. 1(a) ; median 0 month, IQR 0-1 months and median 0?2 months, IQR 0-1?8 months v. median 0?7 months, IQR 0-3?2 months). In contrast, exclusive breast-feeding duration was significantly longer in children with a T1D father or sibling (median 0?9 months, IQR 0-4 months) compared with children without diabetes in the family ( Fig. 1(a) ). The association between age at exclusive breast-feeding end and maternal T1D (hazard ratio (HR) 5 1?18; 95 % CI 1?04, 1?33), maternal GDM (HR 5 1? 13; 95 % CI 1?01, 1?26) and T1D in the father and/or sibling (HR 5 0?82; 95 % CI 0?74, 0?91) remained significant after adjusting for maternal smoking during pregnancy, maternal pre-pregnancy BMI, maternal weight gain during pregnancy, child's gender, maternal age, child's birth order, maternal education level and country (Model 1, Table 2 ). T1D in the father and/or sibling was significantly associated with later end of exclusive breast-feeding after additional adjustment for clinical factors (Model 2; HR 5 0? 81; 95 % CI 0?71, 0?92) . The association between age at end of exclusive breastfeeding and maternal T1D and GDM was no longer significant after additional adjustment for clinical factors (Model 2, Table 2 ). T1D, type 1 diabetes; GDM, gestational diabetes mellitus; IQR, interquartile range.
-P value for test across all four diabetes family history groups.
--Data are presented as median and IQR.
Median age at end of any breast-feeding was 6?3 months (IQR 1?8-12?1 months) in infants with mothers with T1D, 8?0 months (IQR 2?8-12?0 months) in infants with mothers with GDM, [8] [9] [10] [11] [12] ?0 months) in children with a T1D father and/or sibling and 8?3 months (IQR 3?5-13?4 months) in children without diabetes in the family ( Fig. 1(b) ). There were no statistically significant differences in age at end of any breast-feeding with respect to the presence of diabetes in the family after adjusting for sociodemographic (Model 1) and clinical factors (Model 2, Table 2 ).
Because the feeding patterns varied from country to country, we examined whether the association between the presence of diabetes in the family and feeding behaviour differed by country by testing for interaction. The association between age at end of exclusive breastfeeding and presence of diabetes in the family was clearly different in different TEDDY countries (interaction P 5 0?04, Fig. 2 ). In order to explore the age at end of exclusive breast-feeding by country interaction further, multivariate models were analysed separately for the USA, Finland, Germany and Sweden (Table 3) . A strong association of maternal T1D and GDM with younger age at exclusive breast-feeding end was observed in Sweden (Table 3 ). In the USA, exclusive and any breast-feeding end was significantly earlier in offspring of mothers with T1D (Table 3) and exclusive breast-feeding end was earlier in offspring of mothers with GDM compared with infants without presence of diabetes in the family, while exclusive breast-feeding end was later in offspring with a father and/or sibling with T1D. These associations were attenuated by adjusting for clinical factors (Table 3) . In Germany and Finland, age at end of exclusive or any breast-feeding was not associated with the presence of diabetes in the family (Table 3) .
Association of family history of diabetes with the age at introduction to cow's milk and gluten-containing cereals The univariate analysis of the total cohort showed that offspring of mothers with T1D and GDM were introduced to cow's milk earlier (median age 0?23 months, IQR 0-2 months and median age 0?23 months, IQR 0-2?5 months, respectively) and infants with a father and/or sibling with T1D were introduced to cow's milk later (median age 1?2 months, IQR 0-5?5 months) compared with infants without diabetes in the family (median age 0?9 months, IQR 0-4 months; Fig. 1(c) ). The association of age at cow's milk introduction with non-maternal T1D family history remained significant in both multivariate models (HR 5 0?83; 95 % CI 0?75, 0?91 and HR 5 0?81; 95 % CI 0?71, 0?92 respectively) , while the associations with maternal T1D and GDM were attenuated after adjusting for sociodemographic (Model 1) and clinical factors (Model 2, Table 2 ).
By performing separate multivariate analysis for each country, strong significant associations of early age at first introduction of cow's milk and maternal T1D and GDM were shown for Sweden after adjusting for sociodemographic and clinical factors (HR 5 2?00; 95 % CI 1?29, 3?10 and HR 5 2?65; 95 % CI 1?90, 3?70, respectively; Table 3 ). In the USA, maternal T1D was associated with earlier introduction of cow's milk (HR 5 1?31; 95 % CI 1?06, 1?62) and non-maternal T1D family history was associated with later introduction of cow's milk (HR 5 0?80; 95 % CI 0?69, 0?93; Model 1); however, these associations were attenuated after adjusting for clinical factors (Model 2, Table 3 ). In Germany and Finland no significant association between the presence of diabetes in the family and introduction of cow's milk was observed.
Introduction of gluten occurred significantly later in children with a mother with T1D as well as in children with a father and/or sibling with T1D compared with infants without diabetes in the family (median age 6 months, IQR 5-7 months v. median age 5 months, IQR 4?5-6 months), both in the univariate and multivariate analyses ( Fig. 1(d) and Table 2 ). Country-specific analysis revealed that this association could only be observed in Germany (Table 3 ).
Discussion
Our study confirms previous findings of an association between shorter exclusive breast-feeding duration and maternal T1D or GDM that can mainly be explained by demographic and clinical confounding variables (5) (6) (7) (8) . Due to the shorter exclusive breast-feeding duration, offspring of mothers with diabetes were exposed to cow's milk earlier compared with infants without diabetes in the family. Our observations are not consistent with previous studies that reported no effect of maternal T1D on exclusive breast-feeding duration (9, 10) . It is likely that the inconsistencies between the above-mentioned studies (5) (6) (7) (8) (9) (10) are resulting from different strategies in the assessment of breast-feeding habits, a large variation in numbers of children included in the studies and different infant feeding cultures. The TEDDY study provides the possibility to fill these gaps: the TEDDY study is a multinational, epidemiological study following prospectively an adequate number of children with a family history of diabetes. Within the TEDDY study, an extensive amount of dietary, sociodemographic and clinical data are collected according to a harmonized study protocol, enabling between-country comparisons. Furthermore, due to the prospective study design and the frequent data collection, recall bias in questionnaires addressing infant diet is minimized. Although exclusive breast-feeding duration in infants without diabetes in the family was shorter than recommended by the WHO, the duration of exclusive breastfeeding was even shorter in infants of mothers with T1D and GDM. Our finding that this association is attenuated after adjusting for clinical factors is consistent with previous findings from studies in offspring of mothers with diabetes (7, 8) . In contrast, age at end of any breastfeeding was not associated with maternal diabetes when analysing data of the total cohort. We further identified that the association between diabetes exposure in the mother and shorter exclusive breast-feeding duration differs strongly between countries. Sweden showed the strongest associations that remained significant after adjusting for sociodemographic and clinical factors. This finding does not confirm results from a recently published Swedish study claiming that factors that are associated with maternal diabetes, such as problems with establishing breast-feeding early postpartum due to the higher degree of maternal and neonatal complications, affect breast-feeding duration (7) . The inconsistency between the two studies may be due to different analytical approaches.
In the USA the associations between infant diet and maternal diabetes were attenuated after adjusting for clinical factors, indicating that in the USA maternal and neonatal complications that are associated with maternal diabetes mainly affect breast-feeding behaviour. The country-specific differences in the effect of maternal diabetes on exclusive breast-feeding behaviour were most apparent between Finland and Sweden, both countries located in the northern part of Europe and following comparable numbers of TEDDY children. Compared with Sweden, diabetes in the family was not associated with breast-feeding duration in Finland. This finding suggests that country-specific guidelines affect breast-feeding behaviour in mothers with diabetes. In our study, the definition of exclusive breast-feeding included mother's own breast milk or banked breast milk. Compared with the other countries, in Finland banked breast milk is given more commonly in hospitals 100 P < 0·0001 (log-rank test) , mother with T1D; , no diabetes family history): The Environmental Determinants of Diabetes in the Young (TEDDY) study (sib, sibling; T1D, type 1 diabetes; GDM, gestational diabetes mellitus) 56* 0?43, 0?73 0?56* 0?42, 0?76 1?41 0?89, 2?21 1?31 0?81, 2?12 0?49* 0?37, 0?65 0?49* 0?37, 0 to newborn infants of mothers who are not able to successfully breast-feed their infants (18) . In contrast, in Sweden offspring of mothers with diabetes are given more commonly infant formula during the first days of life to avoid hypoglycaemia (C Andrén Aronsson, personal communication, March 2012). We hypothesize that these different neonatal feeding guidelines/practices may be the cause for the observed country-specific differences. We did further observe that ignoring infant formula supplementation during the first week of life when defining age at end of exclusive breast-feeding did not change the reported association of earlier end of exclusive breast-feeding and maternal T1D or GDM (data not shown). This observation strengthens the hypothesis that supplementation of infant formula during the first days of life results in the earlier end of exclusive breast-feeding in offspring of Swedish mothers with diabetes.
In contrast to previous studies, the current study furthers our knowledge on infant feeding patterns by evaluating infants with a mother without diabetes but another first-degree relative with T1D and comparing them to infants without a diabetes history in the family. We observed that in infants with a father and/or sibling with T1D, end of breast-feeding and first exposure to cow's milk and gluten-containing cereals occurred later compared with infants without diabetes in the family. These associations remained significant after adjusting for confounders, indicating that the observed infant feeding patterns are independent of sociodemographic and clinical factors. All families who are participating in TEDDY were informed about the increased T1D risk in their offspring, which is tenfold higher in offspring with a first-degree relative with T1D. Families who are aware of the increased diabetes risk in their offspring are known to modify their behaviour, including feeding patterns, with the aim to prevent disease (19) , although families did not receive any specific recommendations on infant diet by the TEDDY study. Furthermore, in none of the participating TEDDY countries are families with diabetes given specific infant feeding recommendations by health-care providers. Among the countries participating in TEDDY, Finland, Germany and parts of the USA have been participating in dietary intervention trials to prevent islet autoimmunity and T1D in high-risk children by delaying introduction of cow's milk (20) or gluten (21) . Families with the presence of T1D in the family may have known about these intervention strategies and implemented them in infant diet. We hypothesize that due to the difficulties in breast-feeding that are encountered by mothers with T1D, a longer breast-feeding duration and later exposure to cow's milk could only be observed in infants with a father or sibling with T1D. The fact that first exposure to glutencontaining cereals, a feeding pattern which, compared to cow's milk introduction, is not associated with successful breast-feeding, was delayed in offspring of mothers with T1D as well as in infants with a father or sibling with T1D further strengthens this hypothesis.
The association between delayed gluten introduction in German offspring with a first-degree relative with T1D is probably due to the fact that the BABYDIET study, a dietary intervention study applying delayed gluten exposure, was performed only in Germany where newborns with T1D in a first-degree relative were recruited between 2001 and 2004 (21) . In conclusion, our results show that diabetes in the family influences the duration of exclusive breast-feeding, age at introduction of cow's milk and age at introduction of gluten-containing cereals. The finding that neonatal complications are strongly affecting exclusive breastfeeding behaviour in offspring of mothers with diabetes needs to be considered when developing strategies to improve breast-feeding behaviour in mothers with diabetes and strategies to prevent disease.
These associations, however, clearly differ by country, indicating that country-specific recommendations on infant feeding and guidelines on neonatal care in offspring of mothers with diabetes strongly influence infant feeding patterns. This may also explain inconsistencies in findings between previous studies in this field. 
